Objective: To validate algorithms identifying uterine perforations and intrauterine device (IUD) expulsions and to ascertain availability of breastfeeding status at the time of IUD insertion. Study design and setting: Four health care systems with electronic health records (EHRs) participated: Kaiser Permanente Northern California (KPNC), Kaiser Permanente Southern California (KPSC), Kaiser Permanente Washington (KPWA), and Regenstrief Institute (RI). The study included women ≤50 years of age with an IUD insertion. Site-specific algorithms using structured and unstructured data were developed and a sample validated by EHR review. Positive predictive values (PPVs) of the algorithms were calculated. Breastfeeding status was assessed in a random sample of 125 women at each research site with IUD placement within 52 weeks postpartum. Results: The study population included 282,028 women with 325,582 IUD insertions. The PPVs for uterine perforation were KPNC 77%, KPSC 81%, KPWA 82%, and RI 47%; PPVs for IUD expulsion were KPNC 77%, KPSC 87%, KPWA 68%, and RI 37%. Across all research sites, breastfeeding status at the time of IUD insertion was determined for 94% of those sampled. Conclusions: Algorithms with a high PPV for uterine perforation and IUD expulsion were developed at 3 of the 4 research sites. Breastfeeding status at the time of IUD insertion could be determined at all research sites. Our findings suggest that a study to evaluate the associations of breastfeeding and postpartum IUD insertions with risk of uterine perforation and IUD expulsion can be successfully conducted retrospectively; however, automated application of algorithms must be supplemented with chart review for some outcomes at one research site due to low PPV.
Introduction
Health care databases are increasingly used for medication and device safety studies. Data sources associated with electronic health records (EHRs) have an advantage over administrative claims databases in that clinical notes can be accessed to provide additional insight into medical encounters, medical events, lifestyle factors, and health-related behaviors. In addition, results from laboratory tests, physical examination (eg, weight and physical findings such as pelvic tenderness or visibility of intrauterine device [IUD] strings), and imaging procedures are available. When answering important clinical questions, however, methods to utilize these richer data sources must be developed and validated prior to use.
Interest in conducting a study on the safety of IUDs was prompted, in part, by information on uterine perforation reported by Heinemann and colleagues 1, 2 in the European Active Surveillance Study on Intrauterine Devices (EURAS IUD). They conducted a prospective cohort study in six European countries between 2006 and 2012. It included 61,448 women, who were followed for 12 months after IUD insertion. Breastfeeding at the time of IUD insertion and postpartum insertion (within the first 36 weeks after most recent delivery) were both associated with higher risk of IUD-related uterine perforation, which was self-reported and subsequently validated by the physician who diagnosed or treated the perforation.
In another publication from this study, 3 contraceptive failure was reported, with results indicating that about 25% of the unintended pregnancies occurred after an unrecognized IUD expulsion. Because of possible differences between Europe and the United States (US) in postpartum timing of IUD placement and breastfeeding practices, there is interest in conducting a similar study in the US. Retrospective cohort studies using certain data sources associated with EHRs have a potential advantage over prospective studies of being more efficient and more likely to reflect usual clinical practice. , and unstructured data (eg, Natural Language Processing [NLP] terms) to identify uterine perforation and IUD expulsion involving research sites with access to EHRs. For this study, we focused on the positive predictive value (PPV) of the algorithms for uterine perforation and IUD expulsion. We also assessed the availability and completeness of breastfeeding information and the ability to determine breastfeeding status when IUD placement occurred among postpartum women. We undertook this study to determine the feasibility of conducting a multicenter cohort study utilizing health care systems with EHRs to evaluate safety and identify potential risk factors for two adverse outcomes: uterine perforation and IUD expulsion.
Materials and methods
We conducted the study at four research sites associated with US health care systems that use EHRs: Kaiser Permanente Northern California (KPNC), Kaiser Permanente Southern California (KPSC), Kaiser Permanente Washington (KPWA, formerly Group Health), and Regenstrief Institute (RI). RTI Health Solutions served as the coordinating center. As the study was intended to validate algorithms and assess feasibility, statistical hypothesis tests or measures of association between exposure and outcome are not reported. Each research site maintained their own patient-level data and provided site-specific, aggregated, de-identified results for further analysis by RTI Health Solutions. Site-specific institutional review board approvals were obtained for this study.
Study population
The source population included US women enrolled in one of four health care systems. KPNC, KPSC, and KPWA included members with health coverage through Kaiser Foundation Health Plan. These three health care systems are located on the US west coast (northern and southern California, and Washington, respectively) and include racially and ethnically diverse memberships. The RI data are from a health information exchange system that covers most of Indiana and has a larger proportion of African Americans but a lower proportion of other minorities than the other three research sites.
To be eligible for the study, women had to have evidence in their medical record of an IUD placement during the study period and could have had multiple IUD insertions during the study period. They were also required to be aged ≤50 years at the time of the IUD insertion and to have EHRs available for review. The earliest date for inclusion (ie, the dates at which EHR data were fully incorporated into the health plans' automated data) was 
Variables of interest
Variables were defined with clinical input and are described below. Investigators from all four research sites collaborated in developing algorithms and approaches to identify the variables of interest. This endeavor was an iterative process, designed to improve on the PPV of the algorithms. Approaches to defining outcomes, exposures, validation procedures, and clinical definitions for validation of outcomes were developed and standardized in research partner meetings and in documents shared across research sites. The algorithms at all research sites captured the same concepts and used a combination of structured (ICD, CPT, NDC, HCPCS) and unstructured (NLP terms) data. Tables summarizing the types of data used in the algorithms at each research site as well as the structured codes and NLP terms for uterine perforation and IUD expulsion are available in the online supplemental materials (Appendix A).
Uterine perforation included both complete (ie, IUD was documented as located in the pelvis or abdominal cavity) and partial perforation (ie, IUD was documented as embedded in the myometrium or cervix) via hysteroscopy, laparoscopy, laparotomy, or an imaging study in conjunction with evidence of a difficult IUD removal (eg, ultrasound suggesting partial embedment plus string avulsed with traction upon attempted removal).
IUD expulsion, specifically the unintended, spontaneous expulsion of the IUD through the cervix, included both partial (eg, IUD visibly extruding from external cervical os) and complete (ie, not present in the vagina, cervix, uterus, pelvic, or abdominal cavity). If the IUD was malpositioned in the uterine cavity (eg, imaging demonstrated IUD in lower uterine segment), it was not considered an expulsion.
Postpartum interval was calculated as the difference between the date of the most recent delivery before the insertion and the IUD insertion date, and it was classified into the following categories of postpartum periods: ≤3 days, >3 days and <4 weeks, ≥4 to <6 weeks, ≥6 to ≤14 weeks, >14 to ≤52 weeks, and >52 weeks or no prior delivery recorded.
Breastfeeding status at the time of IUD insertion was classified as "breastfeeding," "not breastfeeding," or "undetermined/missing." Evidence of breastfeeding was derived from linked mother/infant records (eg, well-child care visits, infant check-ups, immunization visits) and clinical notes extracted from EHRs for the infant and/or the mother from around the time of IUD insertion with manual review of the records.
Sampling strategy
Each research site-involving project investigators, clinicians, NLP experts, programmers, and medical record analysts-identified possible cases of uterine perforation and IUD expulsion using the algorithms. Trained medical record analysts or obstetric/gynecologic clinicians reviewed the EHRs of possible cases to determine whether there was evidence of the outcome of interest. Possible cases for which the documentation was unclear were adjudicated by clinicians.
Each research site chose a random sample of one-third of all women identified by the algorithms as possible cases of uterine perforation or IUD expulsion (maximum 100 for each outcome) to review in the EHR and determine case status (yes, no, undetermined). If the site decided to improve the algorithm, the revised algorithm was used to identify a new set of possible cases, and a random sample of one-third (maximum 100) was selected for EHR review and case status determination.
Breastfeeding status was identified among a random sample of 125 women in each health care system who had undergone IUD placement within the first 52 weeks postpartum. Where available, a random sample of 25 women within each of the 5 postpartum interval categories was selected to construct the sample of 125 women.
Analysis
We described the IUD cohort, including age, type of IUD, and categories for postpartum time interval, with summary statistics for continuous and categorical variables. Continuous variables were summarized by the mean, median, standard deviation, and quartiles; categorical variables were summarized by frequency counts and percentages.
The PPV for each outcome (ie, uterine perforation, IUD expulsion) was defined as the percentage of possible cases identified by the algorithms that were determined to be actual cases upon medical record review. PPV was calculated as (number of true positives/number sampled)×100. The exact (Clopper-Pearson) 95% confidence intervals (CIs) around the estimates were used to describe the accuracy of the algorithms in identifying uterine perforation and IUD expulsion. For breastfeeding, the number and percentage of women classified in each postpartum time interval by breastfeeding status were calculated. External validity for breastfeeding status was assessed by comparing percentages within each of the four health care systems with national surveys collecting breastfeeding status by state. 4 Results Table 1 includes data on the characteristics of the study population at each research site and across all research sites. The study population included 282,028 women with 325,582 IUD insertions. The median age of the women at the time of IUD placement at each research site varied from 29 to 32 years. Of the IUDs used across all research sites, >75% were levonorgestrel releasing and about 20% were copper; IUD type could not be determined for 4.5%.
Sixty-nine percent of IUDs were inserted in women who were >52 weeks postpartum or for whom no evidence of a delivery existed in the databases before IUD insertion. During the first-year postpartum, the largest percentage of IUD insertions occurred between 6 and 14 weeks postpartum (19.3% of all IUD insertions). Fewer than 1% of the IUDs were inserted earlier than 4 weeks postpartum.
The total number of possible uterine perforations identified for each research site using the site-specific algorithms is provided in Table 2 . The number sampled, case status based on EHR review, PPVs, and 95% CIs for the validation of potential cases of uterine perforation are also summarized in Table 2 . Two of the research sites, KPWA and RI, refined their algorithms and conducted a second (RI for IUD expulsion) or third (RI for uterine perforation and KPWA for both outcomes) round of validation. The data reported here are from the final algorithm validation. Across research sites, the PPVs for the uterine perforation algorithm were 47%, 77%, 81%, and 82% for RI, KPNC, KPSC, and KPWA, respectively.
The total number of possible IUD expulsions identified for each research site using the site-specific algorithms are provided in Table 3 . The number of possible cases of IUD Table 3 . The PPVs were 37%, 68%, 77%, and 87% for RI, KPWA, KPNC, and KPSC, respectively. The percentages of women in the five postpartum categories who were classified as "breastfeeding," "not breastfeeding," or "undetermined" at each research site and across all research sites are summarized in Table 4 . Among those with an IUD insertion within 52 weeks after delivery, 92% of those sampled were classified as breastfeeding in the first 3 days postpartum, 90% in the >3 days and <4 weeks postpartum interval and by the >14-≤52-week interval only 41% of those sampled were classified as breastfeeding.
For all postpartum intervals combined, 72% of the women undergoing IUD placement at KPNC were categorized as breastfeeding at the time of insertion, as were 86% at KPSC, 80% at KPWA, and 45% at RI. Across all research sites and for all postpartum intervals, breastfeeding status at the time of IUD insertion was unable to be determined for 6% of those sampled, although this varied across research sites (range, 0-21%).
Discussion
This validation study was performed to determine the feasibility of conducting a safety study relying on automated data in these four health care systems using EHRs to assess whether risks of uterine perforation or IUD expulsion are associated with breastfeeding at the time of IUD insertion or with early postpartum IUD insertion. Although these associations have been reported in a prospective observational study, EURAS IUD, 1,2 because of potential differences between the European Union (EU) and US in breastfeeding practices and postpartum timing of IUD insertion, there is interest in conducting a study in the US. To our knowledge, algorithms for uterine perforation and IUD expulsion have not been validated for US EHR data, and there is little information in the literature about the feasibility of determining breastfeeding status. While EHRs have been used in several clinical domains within the US for decades, they became widely adopted after the passage of the HITECH Act in 2009. 5 There is consensus in the literature that wider use of EHRs has the potential to improve the quality of patient care. 6, 7 Readily accessible clinical, laboratory, and other sources of health information provide opportunities in advancing health reporting and surveillance as well as research dissemination. However, previous studies have demonstrated mixed results regarding the completeness of clinical information in the EHR and its potential impact on use for research purposes; 8 thus, the need for this validation effort.
There were 325,582 IUD insertions identified at the four research sites included in this validation research: three Kaiser Permanente health care system-related research sites on the US west coast and one health information exchange in Indiana. Across all research sites, the mean duration of continuous enrollment was 95 months (range, 91-105 [data not shown]). This population is nearly 5 times larger than the population reported in the EURAS study, which reported 81 perforations among the 61,448 women in the first 12 months (1.3 cases/1,000 IUD insertions).
1 Therefore, with the large number of women identified in this study who received IUDs and the long duration of continuous follow-up, we anticipate the numbers will be more than adequate to conduct the planned safety study utilizing EHRs from these 4 health care systems. Notes: *RI identified only the first potential IUD expulsion for each woman; the total number of IUD expulsions was not assessed. † More than 100 possible cases included because all overlapping possible cases identified in the prior two samples were included. Abbreviations: CI, confidence interval; EHR, electronic health record; IUD, intrauterine device or intrauterine system; KPNC, Kaiser Permanente Northern California; KPSC, Kaiser Permanente Southern California; KPWA, Kaiser Permanente Washington; PPV, positive predictive value; RI, Regenstrief Institute.
The main focus of this study was to determine whether algorithms with a high PPV could be developed to identify cases of uterine perforation and IUD expulsion in these 4 health care systems. The PPV at the 3 Kaiser research sites ranged from 77% to 82%; RI demonstrated a lower PPV (47%). For IUD expulsion algorithms, the PPV at the 3 Kaiser research sites ranged from 68% to 87% and was 37% at RI. The PPVs at RI were lower for both outcomes, which might be due to less availability of structured codes for uterine perforation and IUD expulsion at RI. However, given the smaller size of this research site, the RI investigators plan to conduct complete chart reviews for all possible cases of these outcomes and will not rely on automated algorithms for these outcomes. These results provide assurance that the outcomes can be identified with rather high accuracy using EHR data and algorithms already developed and validated at the three Kaiser research sites, with some minor additional refinements.
To assess breastfeeding within this study, women who had a live birth and an IUD inserted within 52 weeks postpartum were categorized into one of five groups based on the timing of IUD insertion relative to their delivery date. Overall, 94% of the women sampled could be classified as either breastfeeding or not breastfeeding at the time of IUD insertion. Two of the research sites (KPNC and KPSC) administer a questionnaire at wellchild care visits for infants up to 12 months of age that inquires whether the infant is breastfed; these data were used in this validation study and will be used in the safety study as well. Additional work will be done to develop NLP-based algorithms to determine breastfeeding status from the records that were manually reviewed for this 
Undetermined, n (%) 0 (0) 0 (0) 2 (8) 3 (100) 5 (6) study. Given the high percentage of women for whom breastfeeding status can be determined, these data will be adequate for the safety study. As would be expected, a high percentage of women at three research sites were determined to be breastfeeding in the first 4 weeks postpartum. In RI, the lower percentage of breastfeeding in the first two postpartum categories could have been a result of the small number of women with IUD insertion less than 4 weeks postpartum or from geographic differences in breastfeeding attitudes. Data from the Centers for Disease Control and Prevention (CDC) National Immunization Survey 4 showed that for California and Washington, 92-93% of the women had ever breastfed, 63-64% were breastfeeding at 6 months, and 35-38% were breastfeeding at 12 months. For Indiana, the prevalence of breastfeeding was lower, with 74% having ever breastfed, 39% breastfeeding at 6 months, and 22% breastfeeding at 12 months. Thus, the proportions of women breastfeeding at different postpartum times in this study reflect the patterns reported by the CDC. 4 There are several strengths and limitations to this study. Strengths include the size of the available study populations, duration of continuous enrollment at these research sites, and the multidisciplinary research teams operating at all research sites. Expertise included investigators experienced in multi-site collaborative studies, skilled programming and analytic staff, and clinicians possessing current clinical experience with IUDs and familiarity with these health care systems. These EHRs provide a rich source of clinical information, laboratory and examination results, and notes from patient/clinician interactions, all of which provide a comprehensive overview of a patient's health experiences; however, each EHR data source is different regarding the type of data available and the completeness of its capture of a patient's health care encounters. These data sources were selected because nearly all health care encounters are within the health care system and those that are not are documented through claims. Limitations include the need to develop separate algorithms at each research site since clinical practice and documentation vary; however, the algorithms at each research site mapped to the same core concepts, and many of the results appear to be consistent across research sites. The differences in coding and terminology noted among these health care systems, necessitating site-specific algorithms, suggest that other data sources would have to conduct validation studies for these types of outcomes. One research site found lower PPVs, so chart review will still be utilized, however on a relatively small scale. To completely validate a general-purpose predictive algorithm, one would need more information than we had; specifically, we would have required a gold standard that identified a complete set of true cases. Nonetheless, we were able to assess PPV, which informs us about the potential for misclassification of the included cases. Negative predictive value of the algorithms was not done since the outcomes are so rare. In the ongoing safety study, we are focusing on relative effects (ie, relative risks, hazard ratios); therefore, we think that incomplete case ascertainment will not be a source of much bias, whereas a low PPV would be a source of bias for both relative and absolute effects. Lastly, we plan to include data through 2017 in the safety study, and this will involve use of International Classification of Diseases, Tenth Revision (ICD-10) codes not validated here; therefore, we will monitor whether the change in coding systems results in different rates of events.
Conclusions
This study provides evidence that a retrospective study to evaluate the associations of breastfeeding at IUD insertion and postpartum timing of IUD insertion with risk of uterine perforation or IUD expulsion can be successfully conducted in these health care systems relying largely on automated algorithms with EHR data; however, automated application of algorithms must be supplemented with chart review to adjudicate possible cases of uterine perforation and IUD expulsion outcomes at one of the research sites. Such a retrospective database study can provide larger study populations and more efficient and timely results than prospective studies that entail new data collection, such as EURAS IUD, 1 and is generally less difficult and burdensome to conduct. However, not all EHRs capture the complete health care experience for the patients, and not all variables of interest for a study are captured in routine clinical care, so each study must consider the strengths and limitations of different study approaches and data sources. 
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